Abstract. In this paper, we investigate energy efficiency (EE) of co-located antenna system (CAS) and the distributed antenna system (DAS) with and without device-to-device (D2D) communications, respectively. We derive an approximate EE expression for both the idealistic and the realistic power consumption models in CAS and DAS with D2D communication. Numerical results show that the D2D communication is exactly benefited to improve the EE, especially in the DAS.
System models
We consider a downlink cellular network with three cellular user equipments (UEs), which are randomly distributed in the cellular. The cellular radius is R . N base station (BS) antennas in the cellular are distributed in two different scenarios. The first scenario is all the base station antennas are co-located in the center of the cellular (CAS) and the other scenario is uniformly distributed in the cellular (DAS), which can be illustrated in the Figure 1 . For simplicity, we assume that each UEs are equipped with single antenna and also assume that the total bandwidth is equally divided to each link between BSs and UEs so each UE is allocated with an orthogonal channel. We focus on the downlink performance of the kth user. 
where k g denotes the 1 N × small scale fading vector that can be modeled as independent and identically distributed complex Gaussian random variables with zero mean and unit variance and k γ is the 1 N × dimensional large scale fading vector [17] . For simplification, we ignore the shadowing effect and model the large scale fading coefficient as
where
p is the position of the i th BS antenna and U k p is the position of UE k . α is the pathloss factor and is typically between 3 and 5. Moreover, we assume that the channel state information (CSI) of all the involved links is perfectly known at BSs. The total transmission power of the BS is assumed to be fixed at t P , and it is equally allocated to all the UEs, which is modeled as ,1 3 3
3 Systems Analysis
Systems Rate Calculations
In this paper, we normalize the total system bandwidth into unit. Orthogonal frequency division multiple access (OFDMA) is the access scheme for the downlink of the systems, i.e. the links between BS antennas and UEs use orthogonal channel to communicate with each other. The achievable rate of user k can be represented as
So the total downlink achievable rate of the cellular can be written as
Systems Rate Calculations with D2D
We add D2D communication into the systems. Device-to-Device users are those who do not communicate through the BS antennas but communicate with each other directly. We assume that UE2 and UE3 are chosen as D2D user. We consider UE2 as D2D transmitter (Tx) has data to send to UE3 as D2D receiver (Rx) and the distance between Tx and Rx is fixed as L,L R, which D2D communication takes half of the bandwidth from the other UE and there is no interference between D2D and cellular communication. The achievable data rate at D2D Rx can be expressed as
where d P is the transmitter power of Tx and P d
. So the data rate of UE1 can be expressed as
It's easy to get the total achievable rate of the cellular with D2D communication, which can be written as
Total Power Consumption Model
As the related work discussed in [18] , the realistic power consumption in the DAS contains three parts which can be written as
where τ is the radio frequency power amplifier efficiency, dy P and st P are the dynamic and the static power consumption, respectively. In the ideal condition, which means the circuit power is zeros. The idealistic power consumption can be expressed as
EE Model
As in [19] , the EE model of the communication systems can be expressed as the ratio of the sum capacity and the total power consumption, which can be written as ( )
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where R is the sum capacity of the systems, which R is equal to (6) when the systems without adding D2D communication, otherwise it can be expressed as (9) . total P is equal to (10) when discussing the realistic power consumption model, otherwise total P is equal to (11).
Simulation Results
In this section, We present the different simulation results by comparing different scenarios, which are listed in the Table 1 . Scenario 1 and 2 correspond to the traditional co-located antenna system model (CAS) and distributed antenna system model (DAS) without the D2D communications. Scenario 3 and 4 correspond to these different system models with green communications, i.e. with D2D communications. The system parameters in the simulations are listed in the Table 2 . We average over 1000 randomly generated UEs locations and present the average results. Table 2 . Simulation parameters.
Parameters Value
The cellular radius R 1000 m
The D2D distance L 100 m
The BS antenna number N 5
The noise power N0 -104 dBm
The dynamic power consumption Pdy 30 dBm
The static power consumption Pst 40 dBm
The maximum transmit power Pt 5~46 dBm Path loss exponent α 4 Drain efficiency τ
38%
From Figure 2 ., we show the total achievable rate of the overall cellular network with the four scenarios listed in the Table 2 . It is obviously shows that the total achievable rate of DAS is much better than CAS under different maximum transmit power. After adding D2D communications, the total achievable rates of these two systems are apparently better than the original systems, which means D2D communication is a better way to increase the systems' total achievable rate.
From Figure 3 ., we present the results of EE of CAS and DAS in the ideal power consumption, with and without D2D communications under different maximum transmit power, respectively. We can easily find that in the condition of lower maximum transmit power, after adding D2D
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communications in the systems, since they can communicate with each other directly and save the energy consumption to communicate through BSs, EE of the systems will slightly increase. What's more, from the general view, it's easy to find that the systems EE decreases with the growth of the maximum transmit power in the idealistic power consumption model. And EE in the realistic power consumption model of these two systems under the same condition with Figure 3 . are presented in the Fig 4. , which apparently shows EE first increases and then decreases with the growth of the maximum transmit power. We can find the optimal transmit power to maximize EE is about 33 dBm. The results of these two figure is consistent with the theorems concluded in [20] . From Figure 5 ., we demonstrate the influence of systems EE when the D2D communications distance is changing under the maximum transmit power is set as 46dBm. It's apparently that EE decreases with the growth of the D2D communication distance. The reason is, when the D2D communications distance growth, the achievable rate of D2D communications will slightly decrease, which causes the total achievable rate decreasing. 
Conclusion
In this paper, we investigated the EE of the CAS and DAS, with and without D2D communications, respectively. We also find that when the systems adding D2D communications, the systems' total achievable rate remarkably increased and the same as the systems' EE, which is depended on the distance of D2D users. Simulation results also confirm it's correctness. What's more, adding D2D communications to the CAS and DAS is very useful to reduce energy efficiency consumption. Since all the scenarios only contain one D2D pair and a cellular user in a single cellular, we will extend it to multi-cells with more D2D pairs and cellular users in the future works.
